there is very little information on the respiration of the penguins. This study was undertaken to determine whether the blood of the Ad&lie penguin, Pygoscelis adeliae, displays some respiratory characteristics which would be related to its diving habits.
MATERIALS AND METHODS
Adult penguins were utilized for this study (Table  1) . They were collected at Cape Crozier and studied at the American base of McMurdo, both on Ross Island in Antarctica.
They were captured in November and studied a few days afterwards.
In November the penguins return to the rookeries in large numbers to lay and hatch their eggs. During this period they feed only scarcely. Blood for 02 and CO2 transport studies was collected from a jugular vein just after the animals had been anesthetized with Fluothane.
During the blood volume determinations, which lasted approximately 2 hr, the animals were kept under marginal anesthesia. Prior to anesthesia, the rectal temperature in all three specimens was 38.5 zt 1 C. This temperature is within the range observed in free living specimens (average over 40 hr is 38.9 C) (3).
The method used to study the oxygen dissociation curve and the CO2 transport has been described in detail elsewhere (9). The hematocrit was determined by centrifugation of blood in a Wintrobe tube and the hemoglobin was determined by spectrophotometry after conversion to cyanmethemoglobin.
The oxygen capacity was measured in samples equilibrated with room air at 38.5 C using the Roughton-Scholander micromethod (14) for 02 content determination.
The blood volume was measured using radioactive chromium-51Cr according to the procedure described by Sterling and Gray (16). Po2 , PCO~ , and pH were determined by means of a Beckman 160 Spinco gas analyzer using a micro-PO2 electrode, a Severinghaus PCO~ electrode, and a Beckman pH microassembly. All measurements and equilibrations were made at 38.5 C.
RESULTS AND DISCUSSION Table  1 shows the hemoglobin concentration, the hematocrit, and the mean corpuscular hemoglobin concentration in the three specimens studied. For comparison, the results from two emperor penguins, Aptenodytes forsteri, are included (in these birds, the blood was obtained by scarification of the web). In the two species of penguin, the values of hemoglobin and hematocrit are higher than in any other bird, including the duck and the Californian murre (Uris aaZge californica), which are also diving birds. Values from other species are shown in Table 2 .
High hemoglobin concentration yields a high oxygen capacity (Table 3) which has also been noted by Scholander (15). The OgHb dissociation curve of the Adelie penguin's whole blood and hemoglobin solution are shown in Fig. 1 . The higher affinity for 02 of the hemoglobin solution is common to all species of vertebrates. Compared to most mammals, and actually to most verte-brates (with the exclusion of the birds), the penguin's whole blood has a relatively low affinity for 02 (P&7.4, 38.5 C) = 34.6 mm Hg). This low affinity cannot be explained by the temperature at which the curve was established as at 37 C P50 (7.4) is 31.6 mm Hg instead of 26-27 mm Hg as in many mammals. However, the affinity in the penguin is somewhat higher than in other birds (Table 2 ) even when the difference in body temperature among species is taken into account. Table 3 gives the Bohr effect (also shown in the insert of Fig. 1 Fig. 2 .) The reason for this characteristic is unclear. Table 4 provides information on the blood volume of the three penguins studied. The mean blood volume in percent of body weight is 9.3 %. This value compares with that obtained from the penguin Pygoscelis Papua (7.9 %) (15), the pigeon (7.8 %) (12), and the chicken (9 %) (17).
In summary, the penguin blood differs from that of flying birds by a high hemoglobin concentration, a relatively higher affinity for 02 , a lower Bohr effect, and a high buffering capacity. The two first characteristics have been shown to be present in species of bird with an ability to tolerate hypoxia (13). All these features resemble those observed in diving mammals (8 diving birds with flying ability, such as the duck and the Californian murre, it must be remembered that the physiological adaptions to flying are entirely different to those for diving. Flying necessitates a large supply of O2 to the tissues which, in turn, requires a high ventilation (2) and a high cardiac output. Birds that can fly and dive have blood respiratory properties which are advantageous to both abilities.
For instance, the Californian murre has a relatively high hematocrit and high buffering capacity, which are suitable to diving, and a low affinity
